The avidin-biotin complex immunoperoxidase technique was adapted for use in detecting bluetongue virus (BTV) antigens in BTV serotype 1l-infected bovine fetuses. Fetuses were infected with BTV serotype 11 at 120 days of gestation and then removed 20 days later by Cesarean section. Blood and tissue samples were collected from each animal and used for virus isolation in embryonated chicken eggs, the immunofluorescent antibody test, and the avidin-biotin complex test. The avidin-biotin complex method successfully identified BTV antigens in both fresh and autolyzed fetal brains. Thus, the avidin-biotin complex immunoperoxidase method has potential as a possible procedure for diagnosing bluetongue disease in aborted bovine fetuses.
Laboratory diagnosis of bluetongue virus (BTV) in-fected ECE membranes. 2 The objective of this study fections has been based primarily on virus isolation was to adapt the ABC immunoperoxidase method to (VI) and serological tests. Problems have been en-detect BTV antigens in BTV-infected bovine fetal seccountered in the use of these diagnostic procedures because of the great diversity of strains within BTV serogroups, thus corresponding variability in immunogenicity and pathogenicity of these strains, and the usual absence of clinical signs in many infected anim a l s . ll-l3 Traditionally, BTV isolation has been performed by inoculation of samples into susceptible sheep, embryonated chicken eggs (ECE), or tissue culture. 1, 4, 6, 14 Inoculation of sheep has been used for many years, where detection of virus has been based on seroconversion. 16, 17 Sheep inoculation with seroconversion is a sensitive but time-consuming test. Isolation of BTV in ECE usually requires at least a second passage in ECE for confirmation, and then subsequent passage onto tissue culture for positive identification of virus by immunofluorescence or immunocytochemistry.
nique are the indirect method, the peroxidase-antiperoxidase (PAP) method, and the avidin-biotin complex (ABC) method. The PAP has recently been used to demonstrate the presence of BTV antigens in in-
The immunoperoxidase technique, which has several variations, 7, 8, 10 has been used successfully to identify a multitude of antigens in fixed specimens. 3, 9, 15, [18] [19] [20] Among the variations of the immunoperoxidase tech-tions.
Materials and methods
Virus production. Serotype 11 BTV isolates were obtained from the University of California, Davis, California. The baby hamster kidney (BHK)-21 cell line was used to propagate the virus. Crude virus preparations were made by sonicating cells and growth medium and clarifying by low-speed centrifugation. Aliquots were stored in liquid nitrogen until used for inoculation of bovine fetuses.
Bovine fetuses.
washed twice with 0.02 M phosphate-buffered saline (PBS)
A group of crossbred heifers was determined to be free of bluetongue virus by serology and virus isolation. The heifers were estrous synchronized, bred natat pH 7.2 and stored in an equal volume of oxalate-phenol-urally, and later palpated to determine pregnancy. Seven boglycerol solution (OPG) 5 at 4 C until used for virus isolation. vine fetuses at 120 days of gestation were given 1-ml intramuscular injections of either BTV serotype 11 (fetuses A, B, C, D, E, and F) or cell culture medium (fetus G), in utero, inoculum. The fetuses were removed by Cesarean section at 140 days of gestation. Blood, brain, liver, and lung samples were taken from all fetuses. Heparinized blood samples were Small pieces of brain, thymus, lung, mediastinal lymph node, liver, spleen, and kidney were either snap frozen in cold freon and stored at -70 C until sectioned, or fixed in 10% buffered formalin until processed, paraffin-embedded, and sectioned. Samples of brain, lung, and liver from each fetus were also put into sealed plastic bags and placed in a 37 C incubator for 24 or 48 hr to simulate conditions that may occur when a dead fetus is retained within the uterus (autolysis). After A  3  †  4  3  Pos  Neg  Pos  Neg  B  3  3  3  Pos  Neg  Pos  Neg  C  3  4  4  Pos  Neg  Pos  Neg  D  3  5  5  Pos  Neg  Pos  Neg  E  4  5  3  Pos  Neg  Pos  Neg  F  3 incubation, portions of each sample were fixed in formalin, snap frozen, or processed for virus isolation as previously described.
Virus isolation. Samples to be used for virus isolation were pulse-sonicated on ice for 1 min and then diluted 1:10 in minimal essential medium. Six specific pathogen-free ECE per sample were used to isolate BTV as described by Foster and Luedke. 5 Each egg was inoculated with 0.1 ml of either sample dilution, or positive or negative control samples. Embryos dying 2-6 days postinoculation were passed by inoculating homogenized embryos onto Vero cell monolayers and confirmed as BTV by ABC immunoperoxidase.
Antisera. Polyclonal rabbit anti-BTV serum was produced by collecting serum from rabbits that were inoculated with BTV serotype 11 three times over a period of 2 months. Sera were aliquoted and stored at -70 C until used.
Immunofluorescent antibody (IFA). Frozen tissues were sectioned at 6 μm on a cryostat-microtome, affixed to glass slides, and fixed in acetone for 10 min at -20 C. The specimens were processed routinely, using a 1:100 dilution of rabbit anti-BTV antiserum and anti-rabbit immunoglobulin FA conjugate. Mounting medium (90% glycerol in distilled water, with 0.02 M sodium carbonate) and a coverslip were added to each specimen. Stained slides were kept at 4 C in the dark until observed with a fluorescence microscope.
Avidin-biotin complex immunoperoxidase. Frozen or formalin-fixed, paraffin-embedded BTV-infected tissue sections cut at 6 μm and affixed to glass slides were used for this test. Frozen sections were fixed in acetone for 10 min and stored Table 2 .
and ABC tests on fresh, frozen, autolyzed, or formalin-fixed brain sections (positive or negative staining). at -70 C. Prior to processing, the sections were rehydrated for 5 min in a bath of 0.02 M PBS (pH 7.6) and then immersed for 30 min in 3 changes of 0.3% hydrogen peroxide in PBS. Following this, sections were washed for 6 min in 3 changes of PBS. The sections were then removed from the bath and a 1:20 dilution of normal serum (from the same species as the secondary antiserum: goat or horse) was added dropwise to the sections and incubated for 10 min in a humid chamber at room temperature (RT) (all subsequent incubations were in a humid chamber at RT). Excess serum was removed from the slides, and an appropriate dilution of a BTV-specific antiserum (rabbit) was added to the sections and incubated for 90 min. Sections were then washed for 15 min in 3 changes of PBS (unless otherwise indicated, subsequent washes were performed in this same manner) and a 1:200 dilution of biotinylated secondary antiserum (goat antirabbit) was then added to the section and incubated for 20 min. Following another wash, a preformed complex of avidin, biotin, and horseradish peroxidase (which was mixed at least 30 min prior to addition to the sections) was added to the sections and incubated for another 20 min. After another wash, a substrate solution (consisting of a 1:1 mix of 0.1% 3,3'-diaminobenzidine in 0.1 M Tris buffer, pH 7.2, and 0.02% hydrogen peroxide in distilled water, and made just prior to use) was added to the sections and incubated for no more than 5 min. Sections were then washed for 6 min in 3 changes of distilled water. Following this, sections were counterstained in a 1:4 dilution of hematoxylin for 2 min, and then washed for 6 min in 3 changes of warm tap water. The sections were put through successive baths of 70%, 95%, and 100% ethyl alcohol for 2 min each and then were washed for 6 min in 3 changes of isopropyl alcohol. Slides were removed from the bath, and mounting medium and coverslips were added to the sections. The sections were observed with a light microscope. In addition to the above steps, other procedures were performed especially for formalin-fixed, paraffin-embedded sections. Paraffin was removed from these sections by immersing slides for 30 min in 3 changes of xylene, followed by successive 2-min immersions in 100%, 95%, and 70% ethyl alcohol. Slides were immersed 2 min each in distilled water and then in PBS. Following the PBS wash, some slides were immersed in enzyme solutions (10,30, or 60 U/ml of trypsin or pepsin in PBS) for 5, 15, 30, or 45 min, in an attempt to digest any cross-linkages to expose more antigen determinants. Following enzyme treatments, slides were processed in the manner described previously.
Results
Virus isolation. BTV was successfully isolated (Table 1) from each sample of all fetuses taken at 140 days of gestation (A-F) except the control, noninfected fetus (G). Subsequent immunocytochemical staining of cells infected with virus from positive ECE revealed the presence of BTV antigens. All eggs that were inoculated with samples of autolyzed fetal tissue died within 1 day of inoculation, most likely from toxic effects of the autolyzed tissues.
Immunofluorescent antibody. All sections of BTVinfected frozen fetal bovine brain were positive using the IFA test (Table l) , whereas the noninfected fetal brain sections were negative. Sections of fetal lung, mediastinal lymph node, liver, spleen, thymus, and kidney revealed no positive results. In addition, frozen sections of autolyzed fetal brain also tested negative by this method ( Table 2) .
Avid-biotin complex immunoperoxidase. Fetal
BTV-infected frozen brain sections yielded positive staining with the ABC method (Table 1, Fig. l) , whereas the noninfected brain sections were negative (Fig.  2) . As with the IFA test, the ABC test detected no BTV antigens in any of the other tissues examined. However, in contrast to IFA, the ABC method identified BTV antigens in autolyzed brain tissues ( Table 2 , Fig.  3 ). Nonspecific staining was not apparent in autolyzed brain sections from the noninfected fetus ( Fig. 4 ).
Attempts to demonstrate BTV antigen in formalinfixed, paraffin-embedded tissue sections were disappointing because of no staining and/or inconsistent staining. Extended incubation times (overnight), lower primary antiserum dilutions (down to 1:50), and enzyme treatments at various concentrations (10, 30 , and 60 U/ml of trypsin or pepsin) and incubation times (5, 15, 30 , and 45 min) all failed to produce acceptable results. Lower primary antiserum dilutions produced diffuse, nonspecific staining without revealing specific areas of BTV antigen in the tissues. Enzyme-treated brain sections occasionally demonstrated staining that hinted at the presence of BTV, but this was not considered adequate for a definitive, positive test.
Discussion
The techniques for BTV identification used in these studies have their own particular advantages and disadvantages. Although attempts to isolate BTV from fresh fetal tissues were successful in ECE, the toxicity of autolyzed tissue samples rendered ECE essentially useless for virus detection in these samples. The ABC method proved very useful in identifying BTV antigens in frozen sections of both fresh and autolyzed brains. This is particularly important because of the autolysis that commonly occurs in fetuses submitted to diagnostic laboratories.
Although is still consistently used in the diagnosis of several viral diseases, the ABC method has several distinct advantages over IFA. First, the ABC method demonstrated sensitivity in autolyzed brains where gave negative results. In addition, much higher dilutions of primary antisera were possible using the ABC method, allowing greater specificity and less background staining. Furthermore, in contrast to the method, the ABC method does not require an ultraviolet microscope, excellent histological detail can be achieved with an appropriate counterstain, and the slide can be kept as a permanent record for further reference or for retrospective studies. Although the ABC system worked well for frozen tissues, formalin-fixed paraffin-embedded tissue sections presented a problem. Additional studies done in this laboratory demonstrated that frozen tissues fixed in rather than acetone gave only very weak positive results, even at very low (1:50) primary antiserum dilutions.
fixation definitely had an adverse effect on the ability of primary antiserum to recognize BTV antigens. For other antigen systems, longer incubation times or limited digestion with proteolytic enzymes have yielded positive results when antigens were masked by cross-linking. However, these alterations were not successful in our system, and it may be that most of the BTV antigens were destroyed or altered by so that the primary antiserum was unable to recognize them.
Fresh or frozen tissues from abortion cases are routinely examined in diagnostic laboratories. Thus, the application of the ABC method to these tissues has the potential for speeding the diagnosis of bovine fetal BTV infections by decreasing the need for time-consuming and expensive virus isolation procedures.
